Abstract Gent air samplers were used for air particulate matter sampling in Sado estuary area, separating fine and coarse fractions. Three sampling sites were chosen (Palmela, Faralhão and Tróia), inside a 15 km 9 25 km area at Setúba region, 50 km south of Lisbon, Portugal. Transplants of Parmelia sulcata Taylor were suspended in nylon bags within the same area following a 2.5 km 9 2.5 km grid, during the same period as the aerosol collection. Both lichen transplants and filters were analysed by k 0 -INAA. This work compares MCTTFA results given by the two air pollution monitoring procedures. The main differences concern a physiological factor in biomonitors and a better definition of traffic and re-suspension by aerosols.
Introduction
Previous studies have shown that the Setúbal peninsula region (50 km south of Lisbon) is a polluted area [1] [2] [3] [4] [5] [6] . This peninsula is situated around 50 km south of Lisbon, at Sado river estuary. Meteorological data of the area over decades showed predominant wind from north, in summer (45%), being south and southwest the 2nd predominant wind direction (25%) [7] . Based on source identification by the exposed lichens [8] [9] [10] and by the aerosol sampling [10] at the same time, this work discusses possible differentiation between both monitoring procedures.
Experimental
Epiphytic lichen Parmelia sulcata Taylor was brought from a clean area [8] [9] [10] and collected from olive trees at 1.5 m height. The lichen samples weighing 2 g each were put inside nylon net bags and exposed at 1.5-m height, protected from rainfall. On December 1997, the bags were distributed by 47 sites (8 replicates by site), inside an area of 15 km 9 25 km, and collected after 3, 6 and 9 months. After exposure, the lichens were washed for 30 s with deionised water, freeze dried and ground in a Teflon liquid nitrogen cooled mill. Pellets of 500 mg of each lichen were prepared and put in polyethylene containers for neutron irradiation, with a gold (0.1%Au-Al) comparator. Ten replicates of the unexposed lichen were prepared as well.
Aerosols were collected with Gent samplers at three sites (common to three of the lichen sites): Faralhão and Palmela from December 1997 to September 1998, and Tróia from April to October 1998 [10, 11] . The air samplers collected particles with aerodynamic diameter between 2.5 and 10 lm (coarse fraction) and \2.5 lm (fine fraction) in Nuclepore polycarbonate filters (47 mm diameter), at a 15 L/min flux rate. Air samplers located at Palmela and Faralhao sites were operated for 10 min. during each 2 h period with weekly replacement of the air filter, and the air sampler at Tróia site was operated for 5 min during each 2 h period with 2-weekly replacement (14 h sampling/week each station). Particle mass was determined with a 0.1 lg sensitivity balance. Half of each filter was cut, rolled into a small geometry and packed inside a small aluminium foil for neutron irradiation, with a gold (0.1%Au-Al) comparator. Blanks were prepared as the samples.
After irradiation each half filter and each lichen pellet were taken out respectively from the aluminium foil and the polyethylene container and put inside new (not irradiated) polyethylene containers for measurement. The latter was made in high resolution hyperpure germanium detectors to obtain gamma radiation spectra [8] [9] [10] [11] [12] . Calculations were according k 0 standardized neutron activation analysis (k 0 -INAA) [12] . Quality was controlled by analysing IAEA 336 lichen and NIST 2783 filter reference materials as the samples. Results showed that accuracy was in general lower than 10% [10, 13] .
MCTTFA [14, 15] approach consists of: (1) the data set is first transformed to standardized variables which are assumed to be a linear sum of factors (emission sources); (2) a unique contribution specific for each individual sampling site is calculated depending of coefficients designated by loadings of the factors, representing the correlation of elements with factors, and of coefficients symbolizing the contribution of factors to samples; (3) the target transformation is an iterative method to satisfy the condition that the loadings should not contain negative values; (4) the uncertainties in the obtained loadings are estimated using a Monte Carlo approach.
Student t-test, at 95% confidence interval, verified differentiation between factor loadings: p \ 0.05 means significantly different.
Enrichment factors (EF) values were calculated relative to Sc using Mason soil data [16] . Scandium was chosen as the reference element because its detection limit by k 0 -INAA is very low (at ng kg -1 level) and its source can be only soil, being then better than Al or Fe which can also originate from other sources.
Results and discussion

Lichen data
The exposed lichen ranges and averages for the elements discussed in aerosols are presented below, in mg kg -1 dry weight. For the clean area (0-month exposure) lichens, the averages on 10 replicates and their uncertainties are presented; (0), (3), (6) , (9) The broadened ranges for all the elements, in particular for As, Ca, Na, and Zn, put in evidence the variability of atmospheric conditions of the 47 sites where the lichens were exposed. Release of all elements in some sites after 3-month exposure, except Na and Sb, are evident because the lowest range values are lower than the contents of the unexposed lichens. On other hand, at some sites the accumulation was very high, in particular for As, Sb and Zn, indicating local emission sources. Release effect was observed for cobalt and other elements in previous work [17] .
MCTTFA application to the lichen transplant dataset yielded the following factors as described in detail by Marques et al. [8, 9] : (1) soil associated to Fe, Sc and Sm, (2) sea spray to Na, (3) local cement, remote coal combustion, mixture of sources associated to Br, Ca and Zn, (4) local industrial/fuel combustion associated to Sb, (5) agricultural activities associated to local and remote As, (6) iron and steel manufacture associated to Fe and Zn, (7) physiological associated to K. Figure 1a shows that taking into account the average contents in the exposed lichens, all elements are highly enriched relatively to the soil except Na, Fe and Sm, which indicate that their main origin is soil.
Aerosol data
Results for aerosol fractions as a summary statistical treatment are shown in Table 1 . These results are of the same order of magnitude of aerosol data, expressed in ng m -3 , obtained from 1992 to 2001 at different sites in Portugal:
As: 0.14-2.8 (fine) and 0.13-1.7 (coarse) Br: 9-167 (fine) and 1.3-39 (coarse) Ca: 59-234 (fine) and 289-1460 (coarse) Fe: 28-320 (fine) and 56-430 (coarse) Na: 146-3000 (fine) and 389-4780 (coarse) Sb: 0.21-7.9 (fine) and 0.061-2.5 (coarse) Zn: 7.3-170 (fine) and 3.6-120 (coarse) Figure 1b shows that taking into account the average contents in the measured aerosols all elements are highly enriched relatively to the soil except Fe and Sm. This aerosol response confirms the above mentioned response of the lichens for all the elements except Na, which in aerosols is slightly enriched.
The application of MCTTFA is shown in Table 2 : 5 factors for the sets (1) Faralhão, fine fraction, (2) Palmela, fine fraction, (3) Faralhão, coarse fraction, (4) Palmela, coarse fraction; 4 factors for the sets (1) Faralhão, fine ? coarse fractions, (2) Palmela, fine ? coarse fractions; 6 factors for the sets (1) Faralhão ? Palmela ? Tróia, fine fraction, (2) Faralhão ? Palmela ? Tróia, coarse fraction. The element with the largest loading in the factor is in bold. The comparability of the factor loadings is in Table 3 . They were significantly different in six cases only. Furthermore, seasonal differences were found as shown in Table 2 .
Soil factor (Fe, Sc, Sm)
The fine fractions of the set with all sites contain 68% and 25% of the total Fe concentration in factors 1 and 4, respectively, while the coarse fractions of the same set contain 51%, 15%, 19% of Fe in factors 1, 2 and 4, respectively. In northern Lisbon metropolitan (NLM) area, Sahara desert influence (with high Fe enrichment) is frequently visible with continental south and continental transformed air masses [19] . Sc is associated in fine and coarse fractions to Fe and Sm [19] . This influence also occurs in Sado estuary region, more frequently in winter than in summer due to the wind orientation at the time of this experiment. Because loadings are higher in summer for factors 1 and 4 (coarse) may indicate local soil source too.
Marine factor (Na) Maritime and maritime transformed air masses in the NLM have respectively higher Na enrichment in fine (83 and 24) than in coarse fractions (57 and 3.4) [18] . In Sado estuary Na is more enriched in the fine than in the coarse fraction (Fig. 1b) , indicating a stronger maritime component in summer. The main Na is in factor 4 for the fine fraction at Faralhão (94%), in factor 2 for the coarse fraction at Faralhão (96%) and in factor 2 for the coarse fraction at Palmela (74%). 
T r S b -F a r S b -P a l S b -T r S c -F a r S c -P a l S c -T r S m -F a r S m -P a l S m -T r Z n -F a r Z n -P a l Z n -T r
EF fine fraction EF coarse fraction Local and regional sources as given by aerosol measurements and biomonitoring 301
Cement, coal combustion, mixture of sources (Br, Ca, Zn)
At the NLM, only maritime transformed air masses transport Ca more enriched in fine (17) than in coarse (12) fractions [15] . At Sado estuary, the EF values are 2-3 orders of magnitude higher, indicating a local source. The highest averaged contribution to the total concentration of Ca was found in factor 3 for fine fraction at Faralhão (99%), associated to Fe, As and Br, which is higher in summer being in agreement with the northern wind predominance in this season. Although this factor was also associated to Sahara dust the large amount of Ca indicates mixture with cement source. Industrial/oil combustion factor (Sb)
Sb enrichment factor is one order of magnitude higher in fine (9600-23000) than in coarse (3000-4200), at the NLM [18] . This work found EF values of 6000-10000 and 900-1100 for fine and coarse fractions respectively. Such smaller values were observed in continental south air masses [19] , and factor 5 for fine fraction at all sites may be associated to them because it is higher in winter than in summer. Factors 1 and 3 for the coarse fraction at Palmela and factor 4 for the coarse fraction at all sites are higher in summer than winter, their origin might be from northern area with Lisbon metropolitan area influence. Also the fuel power station works longer in summer than in winter and in summer the station pollutants may be sent south, out of the studied area, explaining then the lower EF Sb values. A student t-test was performed to identify possible differences in sample site: significant differences (p \ 0.05) are shown in bold Local and regional sources as given by aerosol measurements and biomonitoring 303
Agricultural activities factor (As)
Arsenic, a component of pesticides in agriculture, is more enriched in the fine than in the coarse fraction, as shown in Fig. 1b . These are values of the order of magnitude found in the northern urban/industrial area of metropolitan Lisbon, with air masses coming from different directions, and of the order of magnitude of As enrichment in Saharan events [19] . The fact that between sites some factors containing As are significantly not different and others are significantly different may indicate that As originates from regional and local sources respectively.
Iron and steel manufacture factor (Fe, Zn)
Zn is very homogeneous concerning enrichment factors either in fine as coarse fraction (Fig. 1b) . The values are considerably higher than the pointed out for the NLM, with ranges of 400-550 and 110-160 in fine and coarse, respectively [19] . Factors 3 and 5 for the fine fraction at all sites containing Zn (factor 3 with Fe too), are not significantly different from site to site, then indicating regional sources; factor 5 is higher in winter. Factor 4 for the fine fraction is different between Faralhão and Tróia although not different between Palmela and Faralhão, which may indicate a local source probably steel automobile manufacture.
Traffic and soil-resuspension (Br, Sb, Zn)
Concerning Br, ranges of its enrichment in NLM are 1200-4900 and 120-690 for fine and coarse, respectively [19] . In this work, the ranges are 2700-4330 and 440-1090 for fine and coarse, respectively. The high Br values in fine and coarse fractions are observed when the air masses are maritime [19] . Traffic associates Br, Zn, Sb [20] . These elements are associated in factor 3 for the fine fraction at all sites, factor 4 for the coarse fraction at all sites and both also with soil elements (soil re-suspension). The A2 highway traffic near Palmela may cause that factor 3 in coarse fraction at Palmela is higher in summer (intense traffic through A2 from north Portugal to Algarve).
Conclusions
The use of lichen transplants in shielded (from wind and/or rain) as well as in exposed positions yielded similar results compared to aerosol samplers as far as local and remote sources are concerned. Biomonitors did not allow for a clear identification of traffic sources, and the physiological presence of K has to be considered. Aerosol samplers performed better for traffic-related sources with re-suspension of soil particles; on the other hand, biomonitors are a cheaper procedure and thus an option for other sources.
